Abstract HUD's Healthy Homes Rating System (HHRS) is a modification of the English version, using scoring values developed in England. The goal of the HUD Three-City Healthy Homes Rating System (HHRS) study was to create a baseline of the prevalence and severity of 29 home health hazards in three citiesDetroit, MI; Greensboro, NC; and Alameda County, CA-and to compare the results to the prevalence and severity found in England. We analyzed 978 housing assessments over 3 years. Hygrothermal hazards (e.g., excess cold) were the most prevalent across the sites. However, significant differences in the type and severity of hazards across communities were found and were more severe in US sample homes than in their English counterparts. The results suggest that the tool shows promise in its ability to identify home health hazards.
Introduction
A number of studies have linked the presence of home hazards to negative human health outcomes [1] [2] [3] [4] [5] . With Americans spending up to 90% of their time indoors and up to 50% of their time within their homes, the impact of health and safety hazards in the home is substantial [4, 6] .
Home health hazards have been linked to a variety of negative health outcomes. Mold and volatile organic compounds have been linked to respiratory tract infections [7] , asthma, and asthma morbidity [1, 3] . Radon has been linked to cancer [8, 9] and death [10] . Extreme weather has also led to the exacerbation of existing respiratory and heart ailments as well as to death [11] . Additionally, studies have linked the presence of lead paint in the home to lead poisoning and lower IQs [12] [13] [14] , learning disorders [15] , criminal activity [16] , and hormonal deficiencies [17] . Hazards such as carbon monoxide have been highly correlated to lack of detectors in the home, and the effects can include neurotoxicity, coma, and death [18, 19] . Slips and falls are the leading cause of death and non-fatal injury in the home according to the Home Safety Council, exceeding harm done by objects and other people [20] . More than 90% of fire fatalities in the United States occurred in the home, with most of the fatalities occurring to residents younger than 10 [21] . The Centers for Disease Control (CDC), the Environmental Protection Agency (EPA), and the Department of Housing and Urban Development (HUD) have been jointly and independently increasingly focused on these health hazards associated with aging American housing stock. The goal is to reduce death, injury, and illness related to home hazards.
Given the increasing evidence that human health is tightly linked to the quality of housing, early identification and comprehensive measurement of the full range of housing hazards becomes the key. One approach that has been gaining popularity in the United States is a modification of the Housing Health and Safety Rating System (HHSRS) used by the English Housing Condition Survey to assess and monitor housing conditions and inform national housing policies in England [22] . Despite this widespread adoption, we could not find detailed data on the original study that lead to the development of the HHSRS, including detail about the sample. However, the American version, known as the Healthy Homes Rating System (HHRS), was adapted from the English version with minor alterations and ratified as the standard in 2011 for identifying health and safety hazards in communities throughout the US [23, 24] .
The HHRS is an evidence-based qualitative inspection process that allows a trained assessor to consider a broad range of housing hazards and compare their relative severity to identify risks to the health and safety of occupants. The tool includes the assessment of 29 home hazards and 3 sub-hazards. (A complete list of hazards and subhazards is included in Table 5.) HUD has used the HHRS to assess housing for health and safety risks as the basis for decisions that shape the policy path related to housing health and safety standards in the United States. The results of the tool also can be used to guide decisions about investment of resources to improve the quality of housing and ensure that all Americans have the opportunity to live in a safe and healthy home.
However, the HHRS is relatively new in the US and relies on housing and risk data collected in England to estimate hazard levels [25] . To the extent that the US and England differ in climate, housing materials, and building codes, there is uncertainty that the data underlying the calculations used in the HHRS will produce comparable results. Because this method of assessment has policy implications for the measurement of housing quality nationally, there is a need to analyze the implementation of the HHRS in the United States.
This study was developed to investigate the application of the HHRS in the United States using three geographically diverse cities to provide a baseline understanding of the prevalence and severity of the hazards and sub-hazards using the English data. A secondary objective was to compare the prevalence of hazards found in the US with the prevalence found in England to determine if adjustments in US policy decisions regarding housing standards are needed.
Methods

Sample
Three geographically diverse cities were selected for the study. All three communities were urban, had public housing authorities, and had different surrounding natural environments and demographic characteristics. In two of the three sites (Detroit and Greensboro), just the central cities were used for the sample, while in Alameda County, the entire county was used, including substantial suburban housing surrounding its central city of Oakland, California. Across all study sites, the sample included both public and private housing, single-and multi-family units (although in the latter case, we often just assessed one flat of the building), and the age varied substantially (from recent homes built within the last 5 to 10 years to historic buildings over a century old). Table 1 presents an overview of the quality of housing in each of the sample sites.
Study Recruitment A random sample of 500 homes in each city was drawn by Survey Sampling, Inc. A computer-aided telephone interviewing (CATI) system was used to call households and solicit their participation in the study. Each household reached was asked whether they would be willing to participate in an approximately 2 h visit by a team of assessors. They were offered a monetary incentive (originally $10, later raised to $15) for participation. Each household was scheduled for a visit, and two assessors were scheduled for an assessment (the second person was there for safety).
Prior to data collection, study protocols and instruments were approved by the Wayne State University Institutional Review Board (IRB). The IRB approval covered all three study locations. The three cities were chosen to get a wide range of differences in the status of housing quality, climates, and socioeconomic areas within the US.
Data Collection
All the assessors were trained by HUD-approved trainers. In addition, they participated in regular sessions which took two approaches to reinforcing the training and improving their abilities. First, they were asked to listen to a presentation of a case by one of the assessors and then jointly discuss the way it was rated. One or more experts (among the trainers) participated in this process. Second, staff discussed one kind of hazard (lead paint, moisture, etc.) in detail talking about the considerations that might be considered in making judgments about the level of the hazard or extent of injury. Non-identifiable photographs taken from the study homes were used in making hazard judgments by an independent rater to the group, in order to reinforce the training assessors had already received.
At the home, the assessor completed a visual assessment of the interior and exterior of the building guided by the electronic Healthy Homes Case Management System (HHCMS) accessed in the field using a tablet. Assessors took pictures of any visually identifiable hazards, which were stored in the HHCMS, to assure a complete database of the home's condition when the assessor returned from the field. Assessments were conducted between 2012 and 2015, across all seasons and weather. All hazards were assessed visually by assessors, as the study attempted to minimize the use of self-reported answers by residents. For example, the Falls on Stairs category was determined by the tread, pitch, and size of steps; whether or not proper handrails were present, their sturdiness and their size; and the lighting above the stairs, among others.
Upon leaving the home, the assessors first rated the probability of a hazard causing an injury or harm using a scale that ranged from 0 to 5000+. These estimated probabilities were then classified into hazard summary bands ranging from A through J as shown in Table 1 . Next, they estimated the extent of the harm ranging from minor illness or injury to death that would occur if the risks of harm were realized. A range of factors were taken into consideration, such as age and situation of the structure (a single-family vs. multi-family unit, for example) to calculate risk. Harm was classified into four categories that ranged from minor injuries such as stress, scrapes, and bruises (class IV) to death and dismemberment (class I). These were considered by the assessor when scoring the HHRS. Having completed this, an overall score for the hazard could be calculated. This process was completed for each of 29 hazards and three sub-categories for a total of 32 individual hazard ratings for each home.
The HHRS score was determined by calculating the sum of products for harm multiplied by a harm weight and the likelihood. Likelihood tables have averages imbedded in them to help guide the assessor's justification for their decision. The scores are displayed by lettered hazard bands or grades. An A rating is considered most severe, J is considered the least likely to cause harm to inhabitants (see Table 2 ). The hazard scores, along with estimates of injury outcomes, produce a clear understanding of the risks from the home health hazard [5] . This calculation is done for each of the 29 hazards and 3 sub hazards to produce an overall set of identified hazards for a residence. Finally, a subset of homes (100 was the goal for each site, although it was only reached in Detroit) were chosen to be assessed again using a different assessor to determine the inter-rater reliability. In addition to the 100 Detroit homes re-assessed, an additional 72 in Greensboro and 64 in Alameda County were conducted. Ratings were completed and entered into the HHCMS database, which was used for the analysis.
Results
A total of 978 houses were assessed in the project. Slightly more than half of the assessments (n = 497, 51%) were completed in Detroit, 264 (27%) of the assessments were completed in Greensboro, and 217 (22%) were completed in Alameda County. The prevalence and severity of hazards differed across the three communities, as well as, from house to house within a single site. Following the HHSRS classification system, an A-C hazard rating would indicate an immediate need to act in order to reduce the likelihood and/or severity outcomes currently present within the home. Hazard ratings D-J were considered less serious and the need for taking remedial action was less clear. Table 3 presents the three most common A-C hazards across the study sites.
The results showed some consistency in hazard prevalence across the three sites. Hygrothermal hazards were the most frequently occurring in the study, with Excess Cold being the most prevalent A-C hazard across all three sites. At 3.1% average, falls were the second most likely group of hazards, after hygrothermal (15.6% A-C on average). In Detroit, Mold and Dampness and Excess Heat (also a hygrothermal hazard) round out the top three A-C hazards. Falls on Stairs were the second most likely hazard to be rated A-C in both Greensboro and Alameda County. In Alameda County, Calif., fire was the most frequently occurring serious hazard, found in 11.8% of homes, but this rate was much lower in Detroit (0.6%) and Greensboro (2.7%).
With respect to the proportion of homes with any identified A-C hazards, Detroit and Greensboro were similar having the highest proportion of homes with at least one serious hazard. As shown in Table 4 , in both cities over 62% of the housing units assessed had at least one serious hazard requiring remediation. In contrast, less than a third of the homes in Alameda County had a serious hazard. With respect to homes with multiple serious hazards, Detroit had the highest percentage (18.1%) followed by Greensboro (15.5%), and Alameda County (10.6%).
To address the second objective of the study, the hazard band results found in the three cities were compared to the prevalence results in England. Table 5 shows the English average ratings along with the ratings for each hazard at each US site and for the study as a whole.
The average rating for the study agreed with the average rating for England on 7 hazards, with the American study posting the higher rating on 22 occasions. Detroit agreed with the English averages most Findings from the Initial Use of the Healthy Homes Rating Systemfrequently, sharing ratings on 11 of 31 letter rating averages, followed by Alameda (10), and Greensboro (9). On every hazard in which the rating was not the same, Detroit hazards were rated as more severe than Britain. Greensboro also had more severe scores in all instances of disagreement. Alameda and Britain rated 10 There were 5 hazards which shared ratings across all sites: biocides, sulfur dioxide, volatile organic compounds, lighting, and position and operability of amenities. Notably, all these hazards were rated as having the lowest probability of occurrence. Conversely, there were 15 hazards in which none of the averages matched the English average rating in the three cities in this study, or the overall project average rating. Those hazards consisted of damp and mold growth, asbestos and MMF, carbon monoxide, lead, radiation, crowding and space, domestic hygiene, falls associated with baths, falls on stairs, electrical hazards, fire, collision and entrapment, low overhead, explosions, and structural collapse. In general, the English and American scores are very different, whether because of actual objective differences or because of variation among the assessors.
Discussion
This three-city study using the HHRS clearly demonstrates both commonalities and differences among US cities. First, it found that excess cold is a common challenge across the three cities. Mold and dampness and falls on stairs were common to two of the three cities. At the same time, it was clear that two of the cities (Detroit and Greensboro) had doubled the number of severe hazards than did Alameda County.
There were clear indications that the American results differed substantially from the English. Specifically, the hazards identified in American cities tended to be more severe than their English counterparts. This was the case for 24 hazards out of the total 29. In no case were the English ratings more severe than the average of those identified in the US Whether this is the result of objective conditions or differences in assessment practices is unknown, and may provide an area for further study.
The nearly 1000 assessments we conducted created a baseline of the prevalence and severity of the 29 home health hazards in the three cities, as well as a baseline for homes in the United States. In addition, we performed the first in depth look at the efficacy and reliability of the HHRS as an assessment tool. We found that this tool shows promise in its ability to display the condition and the need of homes in the United States to help guide policy decisions and resource distribution.
A number of potential limitations were associated with this study, including the issue of potential bias at the assessor level. While we attempted to rectify this through the internal assessor meetings where cases and photographs from study homes were presented and then audited by the group (including at least one independent observer), and through follow-up visits that occurred in 100 Detroit homes, 72 Greensboro homes, and 64 Alameda County homes. Despite this, inter-rater reliability proved to be low. A possible method for establishing inter-rater reliability would be to have another rater review the pictures from the home visits. However, in careful review of this, we found that only about half of the hazards can be adequately observed visually. Nevertheless, this could be a possible future study. Another future study that could help assess the validity of the HHRS would be using physical measurements to capture the extent of many hazards. Here again, challenges exist in that adequate physical measures do not exist for a number of the hazards observed in the HHRS.
In the end, if these results are confirmed, the CDC, EPA, and HUD have good reason to be concerned with US home health hazards. In two of the three cities, more than 60% of the housing had at least one serious, potentially life threatening hazard. Overall US home health hazards appear to be substantially worse than those in England. This suggests the need for more aggressive policy action to reduce risks for vulnerable populations, particularly in older existing housing. Just as the US is underinvesting in other infrastructure, this study appears to indicate we are also underinvesting in housing infrastructure.
